to actively contribute to and seek information from other individuals in the group (Phua, 2018) . Research shows individuals are more likely to share information about ecigarettes on social media if they are current users or have favorable opinions about vaping products (Emery, Vera, Huang, & Szczypka, 2014) . Moreover, studies suggest individuals connected through social media may bond through online e-cigarette discussions, which could normalize e-cigarette use (Allem et al., 2018) .
Although findings from previous e-cigarette and social media research have been informative in describing emerging topics surrounding e-cigarettes and vaping (Lazard et al., 2016; van der Tempel et al., 2016) , such topics tend to be assessed at the macro-level of social media. Network theories of social influence, as well as SCT, posit that repeated exposure to symbolic representations of behaviors-such as e-cigarette use-can influence how individuals understand and process said behaviors (Bandura, 2009; Perry, Pescosolido, & Borgatti, 2018) . Participation in pro-vaping digital groups where users contribute and discuss e-cigaretterelated content has been shown to influence e-cigarette attitudes and behaviors (Phua, 2018) . To examine how digital groups may differ in their symbolic representations of e-cigarettes, this study sought to analyze content from Reddit.
Reddit is a popular social media site that allows users to interact with one another pseudo-anonymously through screen names in moderated, user-created discussion groups called "subreddits" (Meacham, Paul, & Ramo, 2018) . Notably, these subreddits tend to be topic-specific (e.g., subreddits solely about vaping culture). Users who subscribe to these groups can choose to either post a submission to the subreddit, comment on an already existing submission, or reply to a separate comment of a submission.
A particular feature of Reddit is that users can cultivate a list of their favorite subreddits (i.e., digital communities) for quick access to top-performing submissions in those subreddits (Richterich, 2014) . Thus, the submissions a user encounters are likely to be from preferred topical discussion groups. As such, Reddit could provide a useful environment for examining how distinct digital groups discuss e-cigarettes and vaping. For example, a subreddit dedicated to curating news stories may emphasize different e-cigarette topics than one comprising individuals discussing which particular brands of vaping devices they should purchase. The moderated nature of the subreddit, in which group members must adhere to community guidelines in order to contribute to the group discussion, provides an opportunity to examine how access to different user-created digital groups may influence the types of e-cigarette related topics that users are exposed to.
As Reddit is composed of a large number of distinct digital groups, researchers can assess the extent to which these groups may be similar or different to one another in their respective discussions about e-cigarettes. Examining topical "communities" or collections of subreddits dedicated to similar discussion topics could provide useful information for public health monitoring of communities that may share similar e-cigarette beliefs. Additionally, assessing which subreddits are most active in discussing e-cigarettes and the different topics about e-cigarettes that permeate throughout these subreddits could better inform future tobacco control efforts, such as prevention messaging campaigns. Thus, in this study we sought to (1) explore the topics related to e-cigarettes and vaping on Reddit and (2) examine the extent to which these topics clustered across discrete Reddit communities.
Method

Data Collection
We collected data from PushShift, a publicly available archive of Reddit submissions updated monthly (Baumgartner, 2019) . We extracted submissions with a custom Python script (Python Software Foundation, 2019) using 24 relevant e-cigarette keywords adapted from previous literature (Lazard et al., 2016): e-cig, ecigarette, e-cigarette, electronic cigarette, vaping, vapestick, vape, ehookah, ejuice, e-juice, blu, e-swisher, ezsmoker, njoy, smoke assist, v2 cig, markten, vuse, juul, numark, vaper, rta, rba, rdta . It should also be noted that our search criteria were case insensitive (i.e., "e-cigs" and "E-cigs" equally met collection eligibility). In total, we collected N = 88,699 submissions posted between March 2017 and February 2018. We inspected the data for accuracy using basic text analysis methods (e.g., word frequencies). This step identified a portion of irrelevant submissions, such as those about Blu-ray DVDs. These irrelevant data were removed, leaving a final corpus of N = 79,783 e-cigarette-or vaping-related submissions.
Identifying Submission Topics
To address the first aim of this study, we created an e-cigarette topics dictionary using the software package Quanteda (Welbers, Van Atteveldt, & Benoit, 2017) . This dictionary categorized Reddit submissions based on seven different e-cigarette-related topics: (1) "advice," which refers to submissions about seeking information; (2) "build your own," which refers to submissions about e-cigarette parts or kits that can be used to build vaping devices; (3) "buying/selling," which refers to submissions about e-cigarettes as merchandise; (4) "drugs," which refers to submissions about the use of vaping devices for illicit purposes, such as vaping marijuana; (5) "e-juice," which refers to submissions about e-liquid or e-liquid flavors; (6) "health/safety," which refers to submissions about the various health effects associated with e-cigarettes; and (g) "tobacco," which refers to submissions containing tobacco-related content, including mentions of combustible cigarettes or nicotine.
The topics, as well as the words associated with those topics, were determined based on existing literature (Lazard et al., 2016; Martinez, Hughes, Walsh-Buhi, & Tsou, 2018) and inferential analyses. For example, "cbd" and "weed" were frequent words in the Reddit submissions corpus, thus suggesting drugs would be a popular e-cigarette topic. Notably, the topics we assessed were not mutually exclusive. That is, a single Reddit submission could be classified under multiple topics, such as both "drugs" and "tobacco."
We extracted a random sample of 50 submissions from the initial results. These submissions were assessed by human coders to determine the reliability of the dictionary's output. This step revealed some submissions that were inaccurately classified. For example, submissions with the word "mode" were classified in the "build your own" topic category. Thus, we created a second dictionary containing false positive terms and eliminated such instances from the first dictionary. In all, we rebuilt the topics dictionary three times and tested the reliability of each iteration on a new random sample of 50 submissions. The final version of our topics dictionary exhibited acceptable reliability between human and machine classification (mean reliability coefficient: α = .96; range: α = .85 to α = 1). See Supplemental Material for a complete list of terms associated with each dictionary topic.
Identifying E-Cigarette Communities
We used subreddits from our data to address the second aim of this study. Although there were 5,018 unique subreddits across our data set, we only examined those that had at least one submission classified by our topics dictionary (n = 2,989).
We initially identified e-cigarette communities using an unsupervised machine learning algorithm (k-means). For this preliminary step, we created a separate data set that aggregated the results from our topics dictionary up to the subreddit level. In other words, each unit of analysis in this new data set was a unique subreddit. We then fed the topics results from each subreddit to the unsupervised machine learning algorithm and examined how subreddits naturally clustered together. We tested this method iteratively (starting with k = 3 clusters and ending on k = 8) and ultimately found that the subreddit groupings in a k = 6 cluster model made the most intuitive sense in terms shared themes among subreddits for each cluster.
We used the results from the unsupervised machine learning analyses only to identify potential community themes, not for actual subreddit classification. In total, we identified six discrete communities: (1) general e-cigarettes, which is characterized by subreddits about e-cigarettes or general vaping culture; (2) vendor/sales, which is characterized by subreddits about marketing and selling; (3) drugs, which is characterized by subreddits about illicit drugs or drug culture; (4) research/ news, which is characterized by subreddits about seeking or providing information; (5) advice, which is characterized by subreddits about providing help or information to Reddit users; and (6) other, which contains all other subreddits that did not meet one of the above five community definitions.
After identifying these communities, human coders independently and manually classified each unique subreddit based on the above schema (intercoder reliability was α = .95 on shared sample of n = 570 randomly selected subreddits). This human classification step ensured no subreddit was inaccurately classified by the unsupervised machine learning algorithm. Notably, e-cigarette Reddit communities are in italics so as to not be confused with our seven e-cigarette topics (wrapped in quotations; e.g., the "drugs" topic is likely popular in the drugs community).
Data Analysis
We computed descriptive characteristics of the data (e.g., word frequencies, unique subreddits) using R (R Core Team, 2017). We used UCINET (Borgatti, Everett, & Johnson, 2018) , a popular network analysis software, to assess weighted, undirected degree centrality scores for each of the topics discussed among the full network data set, as well as each individual community data sets. Degree centrality measures the number of ties a node (i.e., an e-cigarette topic or subreddit) has to other nodes in a network and is used as an indicator of node interconnectedness (Candeloro, Savini, & Conte, 2016) . For this study, e-cigarette topic nodes could be connected to subreddits by appearing in a submission title posted in a particular subreddit, or to other topic nodes by co-occurring in a submission title. A visual representation of these connections can be seen in Figure 1 . For this study, we chose degree centrality over other centrality measures (e.g., betweenness, eigenvalue) because it is an accurate representation of the different number of ties that each topic has across a community (Barrat, Barthélemy, PastorSatorras, & Vespignani, 2004; Candeloro et al., 2016; Newman, 2004) . In other words, higher degree centrality scores for a topic indicate that it is more central to a community's depictions of e-cigarettes. Finally, we used quadratic assignment procedure (QAP) correlation analyses (each with 5,000 random iterations) to assess the extent to which communities were similar in their depictions of e-cigarette topics across submissions. QAP analysis examines the correlation of multiple network matrices to assess their differences and/or similarities (Guo, 2012) . In QAP results, a significance value of p < .05 indicates the networks being compared are statistically similar. See Borgatti et al. (2018) for a detailed explanation of QAP undirected network correlation analysis.
We also assessed frequent word co-occurrences in submissions and created a sociogram to visualize these findings in NodeXL (Hansen, Shneiderman, & Smith, 2011a) . The nodes (i.e., frequent words) in the sociogram are styled based on their degree centrality and natural clustering. Node colors indicate words that are densely clustered with other words of that color and only loosely connected to words in other clusters (Hansen, Shneiderman, & Smith, 2011b) . Larger nodes indicate greater presence of a word. The edges of the sociogram are styled based on tie-strength between two nodes (i.e., thicker edges represent greater co-occurrence of words).
Results
Descriptive Characteristics of the Data
Of the full data set (N = 79,783), there were a total of 35,017 unique Reddit authors posting in 5,018 different subreddits. The most frequent word mentioned across submissions was "vape" (68%). Other common words were "juice" (10%), "juul" (9%), and "new" (8%). Terms associated with take-home e-cigarette kits and tools were frequent as well: "rta" (5%), "mod" (4%), and "kit" (3%). The top 100 word co-occurrences are shown in Figure 2 . The most popular co-occurrences were "vape pen" (3%), "new vape" (2%), "vape juice" (2%), and "w paypal" (2%) (likely short-hand text for "with PayPal"). Note. Nodes sharing colors represent natural word co-occurring clusters identified using the Clauset-Newman-Moore algorithm via NodeXL (see online version of this article for color). For example, the algorithm clustered the word "vape" with "help," "need," "oil," and so on. Larger nodes represent greater presence of the word throughout the corpus. Thicker lines indicate greater co-occurrence of words in the corpus. Node positions have been moved to increase legibility. • • E-cigarettes. Don't fall into the trap of replacing an addiction with another one! Tobacco 5,848 (7%) • • I wonder if in a few years we will find out vaping is super bad for us just like that happened with cigarettes.
• • Many Smokers Switch to E-Cigs After Tobacco-Related Illness
Note. The sum of the percentages adds up to less than 100% because not all submissions captured from relevant keywords were required to fit within one of the topics; submissions were allowed to fit into more than one topic.
Results of our e-cigarette topics dictionary analysis and example submissions classified for each topic are in Table 1 .
The most popular topic across the full corpus of submissions was "buy and sell" (19%), followed by "e-juices" (17%), "build your own" (17%), and "advice" (15%). The "health/ safety" topic was least prevalent (5%).
Our e-cigarette community identification results are in Table 2 . A large minority (41%) of submissions were posted in the general e-cigarette community. The drugs and vendor/ sales communities also contained a large proportion of submissions (16% and 15%, respectively); submissions were posted less in the research/news (4%) and advice (3%) communities.
Distribution of E-Cigarette Topics Across the Full Network Data Set and by Community
Results of the distribution of e-cigarette topics by their weighted degree centrality scores are in Table 3 . For the full network data set, the most central topic was "buy/sell" (10,346), followed by "e-juices" (10,250), "advice" (8,484), and "build your own" (8,357). The topics "tobacco" (4,693), "health/safety" (3,266), and "drugs" (4,294) were less prevalent. Research/news 196 (6%) 3,032 (4%)
Note. Percentages in the submissions column do not add to 100% because only subreddits with at least one submission identified by our topics dictionary were included in the coding scheme. Note. Subreddit communities are grouped in columns, topics in rows; numbers in bold represent the highest topic by weighted degree centrality for each community; higher weighted degree centrality scores indicate that a topic is more central to a community's depictions of e-cigarettes.
Topic distributions across the six communities varied greatly. For example, the "drugs" (430) topic was more central in the drugs community than compared with all others. On the other hand, the "buying/selling" topic was highly central in both the general and the vendors/sales communities (442 and 379, respectively). The "tobacco" topic (302) was most central in the research/news community; though the "health/safety" (298) topic was a close second. Finally, the "build your own" topic was not central among any of the communities.
QAP Community Correlation Analysis
Results of the QAP correlation analyses are in Table 4 . Our findings indicate that the general e-cigarette community shares significant similarities in its depictions of e-cigarettes and vaping (based on topic distributions) with the vendor (r = .83, p < .01), advice (r = .63, p < .01), and other (r = .85, p < .001) communities. Furthermore, the other community is significantly correlated with the vendor (r = .76, p < .01) and advice (r = .65, p < .01) communities. All other community correlation analyses were not significant, suggesting the structure of those communities based on their depictions of e-cigarette topics were statistically different from one another. For instance, the research/news and drugs communities-which were characterized by different central topics-were not correlated with one another.
Discussion
The goal of this study was to (1) explore topics related to e-cigarettes and vaping on Reddit and (2) examine the extent to which those topics clustered across Reddit communities. Our results show that, of our seven identified topics, "buying/selling" (19% of submissions) and "e-juices" (17%) were the most prevalent, thus supporting findings from other investigations (Lazard et al., 2016; Martinez et al., 2018) . We also identified six discrete e-cigarette communities on Reddit and found that depictions of e-cigarettes across these communities varied greatly. Overall, these findings shed light about e-cigarette and vaping topics discussed on Reddit, how they differ across digital communities, and provide health researchers with information about salient vaping topics and their distribution across a large social media platform.
Importantly, our findings provide support for conclusions made by previous researchers analyzing e-cigarettes and vaping topics on social media platforms (see Lazard et al., 2016) . Namely, the proliferation of advertising content as indicated in our study by the prevalence of "buying/selling" submissions supports the notion that social media is an important platform for e-cigarette vendors to market and distribute e-cigarette-and vaping-related merchandise (Hébert et al., 2017; Lazard et al., 2016) . Our findings also indicate the prevalence of advice-seeking submissions. Previous research has indicated that individuals who seek information or share information through social media about vaping are more likely to be users or hold positive attitudes toward vaping (Emery et al., 2014) . Our data indicate that individuals seeking advice may post in communities such as the "DIY_ ejuice" subreddit that specialize in niche vaping topics. Finally, the prevalence of "build your own" submissions focusing on specific modifications and vaping equipment (e.g., advice for building custom "rigs") provides some evidence for the presence of distinct communities that may reinforce e-cigarette risk behaviors by promoting representations of users' e-cigarette devices (Phua, 2018) .
Although the topics we identified were similar to those demonstrated in previous research, their relative distribution across our six identified communities varied. For example, submissions describing the "buying/selling" of e-cigarettes were most central in the full network data set as well as in the general e-cigarette, vendor/sales, and other communities, while submissions describing "drugs" were, unsurprisingly, most central in the drugs community. Submissions that contained content linking e-cigarettes with tobacco, as well as e-cigarette content about "health/safety," were highly central in the research/news community. The variation in topics discussed among communities in our results support and expand on similar observations in past work regarding e-cigarette and vaping topical clusters on Twitter (Allem, Ferrara, Uppu, Cruz, & Unger, 2017) .
These findings thus suggest there are structural differences in how certain Reddit communities depict e-cigarettes. Specifically, communities comprising subreddits dedicated to discussing research/news or drugs are more likely to emphasize different topics related to e-cigarettes or vaping than subreddits from other communities. Interestingly, subreddits in the other community (i.e., subreddits that did not thematically fit with any of our other identified communities) were most similar in their depictions of e-cigarettes to general e-cigarette, vendor/sales and advice communities. We interpret these findings as evidence that the topics central to discussions of e-cigarettes within general e-cigarette, vendor/sales, and advice communities may be shared among subreddits that are not necessarily dedicated to discussing e-cigarettes or vaping. For example, submissions linking to vape product reviews on the "videos" subreddit within the other community suggest a highly central topic within the vendor/sales community (reviews or advertisements for vaping products) may be salient to readers of a subreddit not explicitly dedicated to e-cigarettes or vaping. However, it should be noted that our analyses do not allow us to determine the extent to which this may be due to users posting across multiple communities. One interesting finding from this study was the proliferation of "build your own" submissions, which may suggest that subreddits act as social spaces for hobbyists to discuss custom vaping machines. According to SCT (Bandura, 1986 (Bandura, , 2009 , greater community discussion about hobbyist aspects of vaping such as building a custom vape "rig" could normalize community members' perceptions of vape tank use. Research suggests vape tank devices are likely to be more harmful to users than cig-alike e-cigarette products (Kosmider et al., 2014; Sleiman et al., 2016) . Our findings build off of previous work that suggests vapers who use custom "rigs" or non-cig-alike, tank-based vaping machines are motivated by perceptions of social identity linked to vaping (Farrimond, 2017) and are more likely to be influenced by viral social media depictions of vaping (Pepper et al., 2017) . Recent research has suggested that exposure to personal testimonies and marketing material can strengthen e-cigarette users' negative health beliefs (Phua, 2018) . These findings suggest there is widespread discussion of custom vaping machines, which may influence user attitudes about the social acceptability and inherent risks of using vape tank devices.
Overall, we believe our findings speak to the importance of examining digital communities when investigating the various types of e-cigarette and vaping content that individuals may encounter on social media. SCT states that behaviors are mediated through vicarious reinforcement of social behaviors and/or beliefs (Bandura, 1986 (Bandura, , 2009 ). Our results show that structured communities on Reddit differ in portraying e-cigarettes and vaping and, as a result, could influence individuals' attitudes or behaviors through repeated exposure to such portrayals (Phua, 2018) . Given this, we recommend health researchers expand on this study by examining the extent of the influence that digital communities may have on individuals' risk perceptions and behaviors regarding e-cigarette use. Additionally, given our findings regarding the high frequency of hobbyist "build your own" submissions (i.e., vape rigs and cig-alike products) on Reddit-paired with the harm that such products pose to health (Kosmider et al., 2014; Sleiman et al., 2016 )-health researchers should explore tobacco control efforts based on these emerging trends.
Before concluding, it is important to acknowledge some limitations with this study. First, our analyses only examined Reddit submission titles (i.e., we did not include user comments to those titles). Thus, our results likely do not represent the full universe of Reddit discussions surrounding e-cigarettes or vaping. Another limitation is that our analyses considers all submission titles of e-cigarettes or vaping equally, meaning we do not consider the relative weighting of submissions based on their "karma" score, which can affect submission visibility (Richterich, 2014) . A final limitation is that we chose to aggregate all data to the subreddit level, which does not allow us to examine the extent to which users in one community may have posted in others.
Conclusion
This study expands on previous research investigating e-cigarette discussions on social media by describing how topics related to e-cigarettes and vaping cluster among distinct Reddit communities. Findings from this work speak to the importance of investigating digital communities when examining representations of e-cigarettes and vaping on social media when possible. Health researchers could use our findings to inform future tobacco control efforts, such as in the development of health communication prevention messaging that targets emerging e-cigarette and vaping trends. Future work may also wish to expand our findings by examining the extent to which topical differences among e-cigarette communities are influenced by individual users, such as opinion leaders.
